We present a generalized version of the Hellmann-Feynman theorem which is then applied to problems in surface physics. In particular, we derive a number of exact results for an atom adsorbed on a surface. The limitations of the theorem are also discussed.
I. INTRODUCTION For many years, there hps been considerable interest in the Hellmann-Feynman (HF) theorem. ' ' Various specific formulations of the HF theorem have been given that are thought to give maximum insight into its physical content or to be most suited for practical calculations for a variety of different systems, A well-known special case is the electrostatic theorem, which shows that the force of the electrons in a molecule on a nucleus in it can be expressed solely in terms of the electron density of the molecule. Another intriguing result, due to Foldy, 4 expresses the binding energy of an atom (as a function of its atomic number) solely in terms of the electrostatic potential of the electrons at the position of the nucleus. Recently, Budd and Vannimenus' derived an important relation between the electrostatic potential at the surface of jellium metal and the bulk electron energy based on the HF theorem. %e will return to the above examples in the context of the present work, but, of course, there have been many other valuable applications of the HF theorem.
The Hellmann-Feynman theorem has always been fascinating because of its basic simplicity; the idea that it could lead to rather simple formulas applying to many-body systems is very attractive. On the other hand, it has always been a subject of much debate as to just how much physics such formulas contain and even more so as to their usefulness in quantitative analyses. In this paper this question arises, and we will discuss it in the end. Meanwhile we shall derive a generalized version of the electrostatic theorem, that, however simple, to our knowledge, has not been given before. It unifies many well--known results, for example those mentioned above. But, beyond that and more importantly, we feel this formulation is eminently suited as a starting point for the derivation of many more applications, a fact on which we would like to focus attention by giving some new results for an atom adsorbed on a surface. (2.6)1 has been obtained for the ground state. ' In that work the proof of Eq. (2.6) relies on the Hohenberg-Kohn theorern9 for the ground-state energy. Invoking this powerful theorem for the ground state facilitates the proof and makes it considerably more elegant; however, its validity is not required to prove Eq. (2.6), since the latter follows from perturbation theory from all eigenstates, as in the Hellmann-Feynman theorem. The main point we would like to make, however, concerning the general expression (2.6) is that it lends itself to many immediate applications because Sp(r ), the change in the positive charge density, occurs in the integrand. This is a parameter that one can control externally in contrast to the case of the ordinary formulation of the electrostatic theorem which involves the electron density, a quantity to be calculated first from the (often forbiddingly difficult) quantum-mechanical problems before one can perform the integral. Therefore, as we shall demonstrate in Sec. IV, the electrostatic theorem given by Eq. (2.6) gives numerous simple applications of the HF theorem even before one ventures on the solution of the many-electron problem. In the end, all of these will, of course, involve the exact electrostatic potential. So, the issue, whether the HF theorem can be of any practical use in solving or circumventing the Schrodinger problem, remains as always. However, the mere simplicity of the formulas in terms of the electrostatic potential in contrast to, e.g. , expression (2.3) justifies the hope that they may be more useful for practical purposes than many given in the past.
We shall return to this question in Sec. V.
III. DERIVATION OF NELL-KNOWN RESULTS

FROM THE GENERAL FORMULA
The simplest application of the general formula (2.6) is Foldy's One may also displace the atomic nucleus by Ad in the x direction so that i.e. , the change in the interaction energy of a given atom upon a change in the background density equals the difference in the average electrostatic potential over the sample with and without the atom adsorbed.
The thickness of the sample, chosen to be very large, becomes an irrelevant parameter in the result (4.6). %e have not underscored the discussion remarks above by giving an application to a model complex enough to be realistic which would thus require substantial numerical work. Such an application is outside the scope of the present paper, but is clearly very important to determine the ultimate practical significance of our results.
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